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Molecular evidence for the occurrence of Tomato leaf curl New Delhi virus

on bottle gourd in Tamil Nadu, India
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Abstract

Bottle gourd plants showing disease symptoms of mosaic
mottling, chlorosis and yellowing of leaves from two
different locations of Tamil Nadu were found to be infected
with a Begomovirus through PCR assay with universal primer
pair (Deng 540/541). In BLAST analysis, it is identified as
Tomato leaf curl New Delhi virus (TOLCNDV). Additionally
amplified complete coat protein gene using another primer
pair GK ToLCV F/R were sequenced and deposited to the
GenBank database (TN MET BoG2 - KM275606; TN NGK
BoG1 - KM275616). The nucleotide of TN MET BoG2 and
TN NGK BoG1 had maximum identity of 94 % and 98%
towards the TOLCNDV reported from Spain and Asian
countries respectively. In the phylogenetic analysis, TN
NGK BoG1 clustered with TOLCNDV isolate infecting
Parthenium whereas TN MET BoG2 clustered with isolates
infecting cucrbitaceous crops from Spain. As per our
knowledge this is the first confirmed molecular evidence for
the occurrence of Tomato leaf curl New Delhi virus on bottle
gourd in Tamil Nadu.

Keywords: Cucurbits virus, Mosaic disease, PCR, Bottle
gourd, Cucurbits

Introduction

Bottle gourd (Lagenaria siceraria) belongs to
Cucurbitaceae is one of the important vegetable crop
grown in Tamil Nadu. Despite having a rich source of
Vitamin A and Vitamin C, it is also having many medicinal
properties (Robinson and Deckers-Walters, 1997).
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Viruses reported to cause threat on bottle gourd
cultivation globally are Cucumovirus (Takeshita et al.,
2001), Potyvirus (Mantri et al., 2004; Verma et al.,
2004), Begomovirus (Sohrab et al., 2010), etc. From
past two decades whitefly transmitting begomoviruses
were causing major threat to cucurbitaceous crops in
addition to their occurrence on solanaceous vegetables.
In cucurbits, begomoviruses reported in India were
Tomato leaf curl New Delhi virus (ToOLCNDV)
(Nagendran et al., 2014a) and Squash leaf curl china
virus (SLCCNV) (Nagendran et al., 2014b; Saritha et
al.,2011). TOLCNDYV was reported not only on cultivated
crops but also on many weed plants associated with the
cropping ecosystem such as Eclipta and Croton (Mandal,
2010). In the survey on mosaic disease of cucurbits
conducted during 2012-14, an outbreak of virus like
disease was occurred on bottle gourd in the farmer’s
field at Mettur and Nagercoil regions of Tamil Nadu under
natural conditions. Hence, an attempt was made to
identify the virus associated with this disease on bottle
gourd in Tamil Nadu.

Materials and Methods

Survey and Collection of plant samples: Surveys
were conducted during 2012-2014 in major cucurbit
growing regions of Tamil Nadu to study the virus
diseases. During our survey, bottle gourd samples from
Mettur and Nagercoil regions of Tamil Nadu showing
mosaic and yellowing were collected along with healthy
plant samples and brought to laboratory for molecular
analysis of the associated virus with the symptoms. The
samples were stored at -80°C till the further identification
studies. Disease incidences were estimated by recording
symptomatic and non-symptomatic plants in the field
randomly at ten different locations with one square meter
each (Sohrab et al. 2010).

Total DNA extraction and PCR amplification: The
total DNA was extracted from 100 mg leaves tissue of
infected as well as healthy leaf samples using CTAB
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method described by Doyle and Doyle (1990). The
genomic DNA quality and quantity was checked on
0.8% agarose gel and stored at -20°C till further use.
For preliminary screening, PCR amplification has been
carried with Begomovirus specific degenerate primer
pair of Deng 541: 5' TAATATTACCKG WKGVCCSC 3'
Deng 540: 5' TGGACYTTRCAWGGBCCTTCACA 3'
to amplify a part of the movement protein and coat
protein (CP) genes of DNA-A (Deng ef al., 1994). To
amplify the complete coat gene, another primer pair
(GKToLCV F: ATGKYGAAGCGACCAGCMGA;
GKToLCV R: CGCCCKCMGAYTGGGMTTTTCTT)
were used (Nagendran et al. 2014a). Amplified products
were cloned, sequenced and submitted to the NCBI
database.

Sequence comparison and Phylogenetic analysis:
The sequences of this study isolates were compared
with the selected begomovirus sequences from the
GenBank database. Multiple sequence alignment was
done using ClustalW followed by phylogenetic analysis
using MEGA 6.0 and tree was constructed with the
neighbor-joining algorithm, bootstrapped with 1000
replicates (Tamura et al. 2013). Also similarity matrix
was generated using BIO-EDIT (Hall 1999).

Results

Field symptoms, disease incidence and detection of
Begomovirus: During survey on virus diseases of
cucurbits in Tamil Nadu from 2012 to 2014, mosaic
disease was observed on bottle gourd fields in Mettur
(Salem) and Nagecoil. In Mettur, symptoms were
mosaic mottling and chlorotic spots on leaves with a
percent disease incidence of 45.4% and in Nagercoil,
symptoms appeared as chlorosis and yellowing of leaves
with a percent disease incidence of 77.6%.

M- 100 bp marker
1- TN MET BoG2
2-TNNGKBoG1
3 — Healthy control
4 — Positive control (Tomato)

M- 100bp marker

1 — Healthy

2-TNMET BoG2
3-TNNGKBoG1

4 — Positive control (Tomato)

Fig. 1. Gel photograph showing amplification of TOLCNDV
using universal Begomovirus primer pairs Deng 540/541 (a)
and TOLCNDYV specific primer pairs GK ToLCV F/R (b)

Detection and Characterization of virus: DNA
extracted from the symptomatic and non-symptomatic
leaves were subjected to PCR for preliminary screening
of presence of Begomovirus using Deng 540/541 primer
pairs. Symptomatic leaves showed amplification of
~510bp but not in non-symptomatic leaves (Fig. 1a)
which confirms the presence of Begomovirus associated
with the mosaic diseases of bottle gourd. For further
confirmation, another set of primer pair (GKToLCV F/
R) was used to amplify complete coat protein gene
(771nt) of TOLCNDV and SLCCNYV to a amplification
size of 929 bp. Amplified product were cloned and
sequenced (Fig. 1b).

Sequence analysis: BLASTn analysis of nucleotide
sequence data of the complete coat protein gene of TN
MET BoG 2 (KM275606) isolate revealed a maximum
identity of 94% with Spain isolates of TOLCNDV
infecting Cucurbits (KF749223, KF749223, KF891468)
and Tomato infecting Gujarat isolate (KF551576).
Similarly coat protein nucleotide sequence of TN NGK
BoG 1 (KM275616) isolate shared a maximum identity
of 98% with several isolates of TOLCNDYV reported from
India: Maharastra ( HQ264185), Iran (KJ778692) and
Pakistan (KF002409). Further nucleotide analysis of
ToLCNDV-TN MET BoG?2 shared maximum similarity
0f 97.2% at aminoacid level with the TOLCNDYV isolates
from Spain (KF749223, KF749223 and KF891468) and
96.4% similarity towards TOLCNDYV isolate from India
(KF551576). Also TOLCNDV — TN NGK BoG1 shared
99.6% similarity at aminoacid level with the various
isolates from India (HQ264185), Iran (KJ778692) and
Pakistan (HQ264185) (Table 1). Also both the isolates
TN MET BoG2 and TN NGK BoG1 shares only 91%
and 94% identity among themselves at nucleotide and
aminoacid level respectively. In phylogenetic analysis,
nucleotide sequence of TN MET BoG2 formed a
separate cluster along with the TOLCNDYV isolates
infecting cucurbits from Spain and TN NGK BoGl
forms separate clade under TOLCNDYV subgroup along
with Asian isolates of TOLCNDYV reported from India,
Iran and Pakistan (Fig. 2).

Discussion: In the survey conducted on virus diseases
of cucurbits in Tamil Nadu during 2012-14, bottle gourd
plants on farmer’s fields showed virus like symptoms
in Mettur and Nagercoil region. In Mettur, plants
expressed chlorotic mosaic patches on the leaves and
in Nagercoil plants expressed entirely different types of
symptoms viz., chlorosis and yellowing of leaves
without any mosaic patches. Similarly, Abdalla and Ali
(2013) reported that chlorotic spots, yellowing, mottling,
vein clearing and mild mosaic were found to be
associated with the virus infection in Squash. Saritha et
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Fig. 2. Phylogeny of complete nucleotide sequence of CP
region of TOLCNDV (TN MET BoG2 and TN NGK BoGl)
with other Begomovirus isolates. The tree was generated
using the Neighbour-joining method in MEGA 6. A boot-
strap analysis with 1000 replicates was performed and boot-
strap percent values more than 70 are numbered along
branches.
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al. (2011) reported that, mosaic and puckering of leaves
on summer squash were caused by the infection of
SLCCNYV in India. Sohrab et al. (2010) described the
association of TOLCNDYV with chlorosis and curly stunt
disease of bottle gourd in North India. In the present
study, preliminary screening with Deng540/54 1 universal
begomovirus primer pair, as described by Deng et al.
(1994), showed positive for the begomovirus association
of with the bottle gourd samples of Tamil Nadu. Saha
et al. (2014) also detected the TOLCNDV association
with Tomato in North India with the same set of primers.
Zepeda et al. (2007) used the complete coat protein (CP)
gene nucleotide sequence for provisional identification
of species in Begomovirus. In order to identify and to
study the phylogenetic relationships of the Begomovirus
associated with the bottle gourd of Tamil Nadu,
complete coat protein gene was amplified using
GKToLCV F/R primer pair (Nagendran et al. 2014a).

Coat protein sequence of TN MET BoG?2 isolate shared
maximum identity at both nucleotide and protein level
with the Spain isolates of TOLCNDYV reported on
cucurbitaceous crops than ToLCNDV reported from
Tomato. Also TN NGK BoG 1 isolate is showing highest
identity towards isolates from Asian countries like India,

Table 1. Percentage identity of nucleotide (Nt) and amino acid (aa) sequences of CP gene encoded by TOLCNDV (TN MET
BoG2 and TN NGK BoG1) with other selected Begomovirus for the study

. . TN MET BoG2 TN NGK BoGl
Accession  Virus
Nt aa Nt aa

FN645905 Tomato leaf curl New Delhi virus clone 4-RCA-AI-F 92.8 95.7 94.8 98.4
AM747291 Tomato leaf curl New Delhi virus - Bitter Gourd isolate Mn-05 92.8 95.7 94.2 98.4
AM491590 Bitter gourd yellow vein virus-[Pakistan:Lahore:2004] clone BGAL4(1) 91.9 94.9 93.6 97.6
AY939926 Tomato leaf curl New Delhi virus 933 95.7 95.2 98.4
HM989845 Tomato leaf curl New Delhi virus-JLX10 92.9 95.7 94.6 98.4
KC513822 Tomato leaf curl New Delhi virus-India isolate Lucknow 93.5 96.1 94.2 98.8
HM007120 Tomato leaf curl New Delhi virus-India [India/Tumkur/Chilli/2008] clone pChTumB2 93.5 95.7 95.0 98.4
AM286434 Tomato leaf curl New Delhi virus-[Pumpkin:New Delhi] isolate 2 93.2 95.7 95.2 98.4
JN208136 Tomato leaf curl New Delhi virus isolate India:Ash gourd:2011 92.7 94.1 94.6 96.8
AF102276| Tomato leaf curl New Delhi virus-[Luffa] 92.4 94.9 93.9 97.6
KF571461 Tomato leaf curl New Delhi virus isolate Tom5 92.8 95.3 96.2 98.0
KJ778692 Tomato leaf curl New Delhi virus isolate X1A [Iran:Eggplant] 91.8 95.3 98.4 99.6
KF002409 Tomato leaf curl New Delhi virus isolate parthenium [Pakistan] 91.8 95.3 98.4 99.6
HQ264185 Tomato leaf curl New Delhi virus isolate eggplant [India: Maharastra] 91.8 95.3 98.4 99.6
KF749223 Tomato leaf curl New Delhi virus isolate Almeria 661 93.9 97.2 91.1 97.6
KF749225 Tomato leaf curl New Delhi virus isolate Murcia 11.1 93.9 97.2 91.1 97.6
KF891468 Tomato leaf curl New Delhi virus isolate TOLCNDV-Spain-Almeria 93.9 97.2 91.1 97.6
KF551576 Tomato leaf curl New Delhi virus isolate TC309 93.9 96.4 94.6 98.4
EU487031 Squash leaf curl China virus isolate P54 88.0 92.9 89.3 95.3
EU543562 Squash leaf curl China virus-{ Wax Gourd:Nakhon Pathom] 87.6 90.2 88.7 92.2
KC171648 Squash leaf curl China virus isolate GZ01 88.0 933 89.7 95.7
AM260206 Squash leaf curl China virus isolate G25 88.0 94.1 89.3 96.4
AB027465 Squash leaf curl China virus 87.4 92.9 88.8 953
AJ132711 Tomato yellow leaf curl virus-isolate Iran 72.0 74.9 71.8 75.6
HM625838 Tomato leaf curl Gujarat virus-[Pune:2008] clone JGB2 74.4 77.4 73.5 78.5
KC456161 Tomato leaf curl Palampur virus isolate Punjab 83.7 89.1 83.5 89.8
KF663698 Tomato leaf curl Bangalore virus isolate TC265 80.1 86.3 80.5 88.3
KM 275606 Tomato leaf curl New Delhi virus isolate TN MET BoG2 100 100 91.1 94.9
KM275616 Tomato leaf curl New Delhi virus isolate TN NGK BoG1 91.1 94.9 100 100




76 Nagendran et al. : Molecular evidence for the occurrence of Tomato leaf curl New Delhi virus

Iran and Pakistan. In phylogenetic analysis, TN NGK
BoG1 isolates is closer with the TOLCNDV reported
from parthenium and Brinjal. This shows virus infecting
bottle gourd and Parthenium are same and the
parthenium is acting as a reservoir host to this virus
when the bottle gourd is not available. There are several
evidences for the weeds acting as reservoir for the
ToLCNDYV infecting crop plants demonstrated by Haider
et al., (2006) on Eclipta prostrata and Reddy et al.,
(2005) on Croton bonplandianum. These weeds are
playing a mojor role in dissemination of virus to
cultivated crops. In phylogenetic analysis, TN MET
BoG2 and TN NGK BoG 1 were clustered along with
the TOLCNDYV rather than with SLCCNV, TYLCV
(Tomato yellow leaf curl virus), TOLCPMV (Tomato
leaf curl Palampur virus) and ToOLCGV (Tomato leaf
curl Gujarat virus). Several viruses like Tomato leaf
curl New Delhi virus (Sohrab et al., 2010), Papaya ring
spot virus-W (Mantri et al. 2004), Zucchini yellow mosaic
virus (Verma et al. 2004) have been reported earlier on
bottle gourd from India. Our study confirms the
occurrence of TOLCNDYV on bottle gourd in Tamil Nadu
for the first time.

From this study it is inferred that, more than one kind
of symptoms are produced by the infection of single
virus. So it is very difficult to identify a virus based on
symptomatology. Also, weeds are acting as a reservoir
for the dissemination of viruses to cultivated crop plants,
precise detection of virus through molecular techniques
is necessary for the development of the better
management strategies.

Acknowledgement

This publication was made possible through Cooperative
Agreement No. EPP-A-00-0400016-00 of USAID for
the IPM Innovation Lab. The opinions expressed herein
are those of the authors and do not necessarily refiect
the views of the USAID.

RIS

Y B NI W INT &1 gelR¥iT Aoie e, goffeaar wa
gfRTal &1 Grell U Bl Afferg @ |1 I # faHErRy
BT HHAUT e WA TR U1 1 R fweror & we
B3| 1 T T U9 <1 fAvelyor 9 ¥ Ugd <Ml b
Fet 8 facel (& N vt A v § ¢) & wu A g2 | WA
w0 H TR WS WR SN & < 3 v A A Uh /R |
gl BIC IS SiF &1 Telhrs fBar 11 &R g9 59 §@
Seed (€ U9 vH 3 <1 ) 3 Sii—2 & TH 275606, < UF
T St & &1 3N S JmE— & UH 275616) H T fhar AT |
Y v T & o Sii— 2 TAT € U T S & o) 37 -1
# foeriiegs @1 AfdGdd Uhraar 94 Tfoerd M 98

e A T N O N B ufd W g R e g
e gfad fear T 2

Reference

Abdalla OA and Ali A (2013) First Report of a Novel Potyvirus
from Florida Causing Chlorotic Mottling in Squash
(Cucurbita pepo). Plant Disease 97(9): 1259

Deng D, McGrath PE, Robinson DJ and Harrison BD (1994)
Detection and differentiation of whitefly-transmitted
Geminivirus in plants and vector insects by the polymerase
chain reaction with degenerate primers. Anna Applied Biol
125:327-336.

Doyle JJ and Doyle JL (1990) Isolation of plant DNA from fresh
tissue. Focus 12: 13-15.

Haider MS, Tahir M, Latif S and Briddon RW (2006) First report
of Tomato leaf curl New Delhi virus infecting Eclipta
prostrata in Pakistan. J Phytopath 55: 285-285.

Hall TA (1999) BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/
NT. In: Nucleic acids symposium series 41(41): 95-98.
[London]: Information Retrieval Ltd., c1979-c2000.

Mandal B (2010) Emergence of begomovirus disease in cucurbits
in India. In: Emerging Geminiviral Diseases and their
Managements (Eds: P. Sharma, R.K. Gaur and M. Ikegami).
Nova Publishers Inc, New York, pp 167-181.

Mantri NL, Kitkatu AS, Misal MB and Ravi KS (2004) First
report of Papaya ring spot virus-W in bottle gourd
(Lagenaria siceraria) from India. New Dis Rep 10: 35.

Nagendran K, Mohan Kumar S, Manoranjitham SK and
Karthikeyan G (2014a). Molecular detection and
characterization of Tomato leaf curl New Delhi virus causing
mosaic disease on bitter gourd in Tamil Nadu, India. Trends
in Biosciences 7(23): 3925-3931.

Nagendran K, MohanKumar S, Priyanka R and Karthikeyan G
(2014) Molecular Evidence for the Occurrence of Tomato
leaf curl New Delhi virus and Squash leaf curl China virus
on Volunteer Pumpkin Plants in Tamil Nadu. TrendsBiosci
7(24): 4308-4311.

Reddy CRY, Colvin J, Muniyappa V and Seal S (2005) Diversity
and distribution of begomoviruses infecting tomato in India.
Arch Virol 150: 845-867.

Robinson RW and Decker-Walters DS (1997) Cucurbits. CAB
Intl.,, New York.

Saha B, Saha D, Biswas KK and Saha A (2014) Distribution and
molecular characterization of begomoviruses infecting
tomato in sub-Himalayan Tarai region of West Bengal and
Brahmaputra valley of Assam in northeast India. Indian
Phytopath 67(1): 92-96.

Saritha RK Bag TK, Loganathan M, Rai AB and Rai M (2011)
First report of Squash leaf curl china virus causing mosaic
symptoms on summer squash (Cucurbita pepo) grown in
Varanasi district of India. Arch Phytopath Plant Prot 44(2):
179-185

Sohrab SS, Mandal B, Ali A and Varma A (2010) Chlorotic Curly
Stunt: A Severe Begomovirus disease of bottle gourd in
Northern India. Indian J Virol 21(1): 56-63.



Vegetable Science, Vol. 43, January - June 2016 77

Takeshita M, Suzuki M and Takanami Y (2001) Combination of Verma R, Ahlawat YS, Tomer SPS and Pant RP (2004) First

amino acids in the 3a protein and the coat protein of report of Zucchini yellow mosaic virus (ZYMV) in bottle

Cucumber mosaic virus determines symptom expression gourd in India. Plant Disease 88: 426.

and viral spread in bottle gourd. Arch Virol 146(4): 697- Zepeda CH, Idris AM, Carnevali G, Brown JK and Valenzuela

711. OAM (2007) Preliminary identification and coat protein
Tamura K, Stecher G, Peterson D, Filipski A and Kumar S (2013) gene phylogenetic relationships of begomoviruses associated

MEGAG6: molecular evolutionary genetics analysis version with native flora and cultivated plants from the Yucatan

6.0. Mol Biol Evol 30(12): 2725-2729. Peninsula of Mexico. Virus Genes 35: 825-833.



	13 TLCV Bottle gourd TNAU

